The aim of our study was to investigate the correlation between volumes of thoracic fat distributed in different compartments and the geometry of vulnerable coronary plaques assessed by coronary computed tomography angiography (CCTA), in patients with acute chest pain. Methods: This was a non-randomized, observational, single-center study, including 50 patients who presented in the emergency department with acute chest pain who underwent 128-slice single-source CCTA. Plaque geometry was evaluated in transversal and longitudinal planes, and the assessment of adipose tissue was performed using the Syngo.via Frontier (Siemens AG, Healthcare Sector, Forchheim, Germany) research platform. Results: Eccentric plaques presented a significantly higher incidence of spotty calcification (40% vs. 22%, p = 0.018), whereas positive remodeling, volume of low attenuation plaque, and incidence of napkin-ring sign were not significantly different between the study groups or in ascending versus descending plaques. , p = 0.016). Compared to ascending lesions, descendent ones presented a significantly larger volume of thoracic fat (1,599.25 ± 589.12 mL vs. 1,240.71 ± 291.50 mL), while there was no significant correlation between thoracic fat and cross-sectional eccentricity. Conclusions: The phenotype of plaque distribution and geometry seems to be associated with a higher vulnerability of coronary lesions and may be influenced by the local accumulation of inflammatory mediators released by the pericoronary epicardial adipose tissue.
However, coronary plaque vulnerabilization is a more complex process influenced not only by local hemorrheologic factors but also by the level of local and systemic inflammation. One of the main sources of inflammatory factors acting at the level of coronary arteries is represented by thoracic fat, which can serve as an inflammation mediator. Although the relation between epicardial fat volume and coronary plaque morphology has been well documented, the correlation between plaque morphology and fat depots at the level of different thoracic compartments has not been investigated so far.
Adipose tissue, present at different levels in the thorax, has multifactorial roles in cardiovascular diseases, being distributed in the subcutaneous or visceral compartment, which includes epicardial fat and extrapericardial fat. As a fragment of epicardial fat, pericoronary adipose tissue, located in the immediate neighborhood of a coronary segment, can be also identified and quantified.
Fat deposits around the heart were identified as key factors associated with a higher incidence and severity of coronary artery stenosis. 5 Several studies suggest that a larger volume of epicardial fat is associated with an increased risk of myocardial ischemia or acute coronary syndromes. 6, 7 Furthermore, a recent hypothesis suggests that epicardial adipose tissue represents a source of inflammatory mediators exerting a direct local effect on the coronary arteries and leading to significant changes in atheromatous plaque architecture at this level. 8 The aim of our study was to investigate the correlation between volumes of thoracic fat distributed in different compartments and the geometry of vulnerable coronary plaques assessed by CCTA, in patients with acute chest pain.
MATERIAL AND METHODS

STUDY POPULATION
This was a non-randomized, observational, single-center study, including 50 patients who presented in the emergency department with acute chest pain. In all patients, the electrocardiogram did not reveal any ST-segment elevation, and troponin values were inconclusive. Therefore, all subjects underwent CCTA for the assessment of coronary circulation. Only subjects with at least one significant stenosis with vulnerability features were enrolled in the study. The exclusion criteria included renal failure, chronic kidney disease, pregnancy, lactation, allergy to iodine, and active malignancy.
CCTA ACQUISITION AND IMAGE PROCESSING
CCTA was performed with a 128-slice single-source CT scanner (Somatom Definition AS, Siemens AG, Healthcare Sector, Forchheim, Germany) with retrospective electrocardiographic gating. Scanning parameters were:
tube voltage 100 kv, tube current 180 mAs/rotation, gantry rotation time 330 msec, pitch adapted to heart rate, collimation 128 × 0.6. The contrast agent was injected with a flow rate of 5 mL/s in the antecubital vein, using an 18-gauge venous catheter placed in the right cubital fossa. Contrast quantity was adapted to patient body weight and was followed by saline flush. The region of interest was placed in the descending aorta, and the threshold was 180 HU. Datasets were retrospectively reconstructed with a slice thickness of 0.6 using medium soft-tissue convolution kernel, and the best image quality phase was selected for post processing. Images were further evaluated semi-automatically using a 3D contour detection algorithm provided by Syngo.via Multimodality
Workplace.
PLAQUE MORPHOLOGY AND GEOMETRY
The assessment of coronary plaque morphology was performed using a semi-automatic software with 3D reconstructions and included quantification of stenosis degree, luminal volume, plaque volume, and density-based plaque composition (calcified, fibrotic, or lipid-rich atheroma).
Vulnerable features evaluated included: low attenuation plaque (defined as density <50 HU in ≥10% of the plaque), positive remodeling (defined by a remodeling index ≥1.1), spotty calcification (identified as areas with dimensions <3 mm and density ≥130 HU), and napkin-ring sign.
Plaque geometry was evaluated in two directions:
transversal and longitudinal.
Cross-sectional plaque eccentricity (CE) was assessed in a transverse section at the level of maximum stenosis.
The CE index was calculated as: (maximum wall thickness -minimum wall thickness) divided by maximum wall thickness. Concentric lesions were defined as having a CE <0.3, whereas eccentric lesions were defined as having a
Longitudinal plaque eccentricity (LE) referred to stenosis with abrupt narrowing on the proximal or distal edge and was assessed according to the location of maximum stenosis in a longitudinal section. The LE index was calculated as the distance between the proximal end of the lesion and the place of maximum stenosis divided by lesion length. Descendent lesions were defined by LE <0.5, whereas ascendant lesions were defined by a LE ≥0.5.
ASSESSMENT OF THORACIC FAT COMPARTMENTS
The evaluation of adipose tissue was performed using the research platform Syngo.via Frontier (Siemens AG, Healthcare Sector, Forchheim, Germany) and a dedicated software for cardiovascular risk assessment, which marks the adipose tissue automatically based on its specific density, calculating the volumes of epicardial fat, as well as visceral and subcutaneous thoracic fat. The evaluation of pericoronary adipose tissue was performed manually, in the segment adjacent to the culprit coronary stenosis by marking 1 cm around the lesion, or by marking the nearest anatomical structure with different density if this was closer than 1 cm.
STUDY GROUPS
The study lot was divided according to CE into two groups:
25 (50%) patients with concentric culprit lesions and 25
(50%) patients with eccentric culprit lesions. According to LE, 20 (40%) of the culprit lesions were descendent and 30 (60%) of them were ascendant.
STATISTICAL ANALYSIS
All data were analyzed using Graph Pad 3.10 software (GraphPad Software, Inc., San Diego, USA). All data processed were checked for normality. Categorical variables were expressed in numbers and percentage and were compared using the Fisher test. Continuous variables were presented as mean ± standard deviation and were analyzed using the unpaired Student`s t-test for normally distributed variables and the Mann-Whitney test for nonnormally distributed variables. The threshold for statistical significance was set at 0.05.
ETHICAL CONSIDERATIONS
All study procedures were conducted in compliance with the Declaration of Helsinki, and all patients signed an informed consent prior to enrollment in the study.
RESULTS
BASELINE CHARACTERISTICS OF THE STUDY POPULATION
The average age of the patients included in the study was 60.36 ± 11.71 years, and most of them were males (38, 76.0%). Regarding gender, obesity, hypertension, dyslipidemia, smoking status, left ventricular ejection fraction, calcium score, history of coronary artery disease, myocardial infarction, or stroke, there were no significant differences between the two groups. However, patients with eccentric plaques had more frequently diabetes (5% vs. 14%, p = 0.018). The characteristics of the study population are presented in Table 1 .
Patients with ascendant lesions were more frequently males and obese compared to patients with descendant lesions (24% vs. 52%, p = 0.044 and 5% vs. 48%, p = 0.034, respectively).
PLAQUE GEOMETRY AND CORONARY
PLAQUES CCTA FEATURES
There were no significant differences between the study groups with concentric versus eccentric lesions regarding 22%, p = 0.018), whereas positive remodeling, low attenu- 
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Left main artery, n (%) 7 ( ation plaque, and napkin-ring sign were not significantly different between the study groups or in ascending versus descending plaques. CCTA features of coronary plaques in the study groups are presented in Table 2 .
PLAQUE GEOMETRY AND ADIPOSE
TISSUE DISTRIBUTION
The CCTA analysis of plaque eccentricity and CCTA quanti- 
DISCUSSIONS
The present study aimed to investigate the correlation between fat distribution in different thoracic compartments and the morphological features of high-risk coronary plaques. CCTA is nowadays a useful tool used for a complex evaluation of coronary artery disease. This is not only because of its noninvasive character but also of the multiple data sets that can be obtained beside the assessment of coronary circulation.
The evaluation of adipose tissue surrounding the heart has multifactorial implications in cardiovascular diseases and is a highly investigated topic. Modern CCTA scanners and post-processing softwares allow the computation of adipose tissue due to its specific negative Hounsfield units. Several studies demonstrated the correlation between adipose tissue and an overall increased cardiovascular risk, and an increased frequency of high risk coronary plaques. 9, 10 Another study showed that the volumes of epicardial fat are significantly higher in patients with acute coronary syndromes compared to stable subjects, identifying also more vulnerable plaques in patients with larger epicardial adipose depots.
11
Another study which evaluated local fat around coronary plaques proved that pericoronary adipose tissue is a more reliable marker of plaque vulnerability than global epicardial fat or total intrathoracic fat. On the other hand, coronary plaque geometry is still an underinvestigated subject. A recent FFR-based study demonstrated that coronary geometry has a direct impact on the functional significance of a coronary stenosis. 14 Postmortem studies revealed that plaque rupture occurs more often in eccentric plaques. 15 A series of studies have been recently published in the literature which show a complex relation between plaque geometry, hemodynamic forces, and atheroma vulnerability. 16 Our study found a significant correlation between pericoronary fat volumes and eccentric lesions in the transversal section, as well as between pericoronary fat and descendant lesions. This finding may suggest that specific geometrical phenotypes can be associated with a higher vulnerability of atheromatous coronary plaques and with a specific pattern of epicardial fat distribution in the vicinity of the lesion. 
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